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Abstract: The soft bottom polychaete community was examined seasonally at eight stations between August 2009 and July 2010. A total
of 76 species belonging to 27 families were identified in the Sinop Peninsula (southern Black Sea), of which 23 species are new records
for the Black Sea fauna and 7 species for the Black Sea coast of Turkey. Syllidae was the best represented family in the research area
and contributed 15.78% of the total fauna. The most dominant and frequent species were Micronephthys stammeri and Protodorvillea
kefersteini in the study area. Community parameters varied significantly among stations and seasons; number of species ranged from 1
to 21 per 400 cm2, density from 25 to 16,700 ind. m–2, Shannon–Wiener diversity index value from 0 to 3.4, and Pielou evenness index
value from 0 to 0.98. The highest population density was recorded at station C1 in winter, where P. kefersteini was the most dominant
species (15,125 ind. m–2). The correlation between polychaete community and environmental variables was strongly high (r = 0.91)
according to canonical correlation analysis. The main factors affecting the polychaete assemblages were depth and sediment texture.
Key words: Polychaeta, soft bottom, new records, environmental factors, Sinop Peninsula, Black Sea

1. Introduction
Polychaeta is one of the most diverse and abundant benthic
groups in marine ecosystems: 12,632 species of polychaetes
are reported in the world’s oceans (Appeltans et al., 2012),
while 1122 species are reported in the Mediterranean Sea
(Coll et al., 2010) and 238 species in the Black Sea to date
(Kurt Şahin and Çınar, 2012). The polychaetes distributed
among the Turkish coasts were recently reported by
Çınar et al. (2014) with 459 species from the coast of the
Levantine Sea, 547 species from the coast of the Aegean
Sea, 390 species from the coast of the Sea of Marmara, and
136 species from the Black Sea coast of Turkey.
The Black Sea is a semiclosed sea and it is the largest
(547,000 km3) permanently stratified marine basin in the
world (Zaitsev et al., 2002). It is connected to the Aegean
region of the Mediterranean Sea by the narrowest strait of
Turkey, the Bosphorus, to the south, and the Sea of Azov
by the Strait of Kerch to the north. Nearly 87% of the Black
Sea is entirely anoxic (without oxygen) and it contains
high levels of hydrogen sulfide. Anoxic conditions
occurring below 70 to 200 m limit the vertical distribution
of organisms. The hydrographic regime is characterized
by low salinity surface water of river origin overlying high
* Correspondence: gkurtsahin@sinop.edu.tr

salinity of deep water of Mediterranean origin (Bakan
and Büyükgüngör, 2000). The structure of its ecosystem
differs from that of the neighboring Mediterranean
Sea in that species diversity is lower and the dominant
organism groups are different. However, the abundance,
total biomass, and productivity of the Black Sea are much
higher than those in the Mediterranean Sea (Zaitsev and
Alexandrov, 1998).
The first studies concerning polychaetes in the Black
Sea date back to the late 1800s (Rathke, 1837; Bobretzky,
1868, 1870, 1881; Czerniavsky, 1880, 1881, 1882). The
polychaete fauna of some regions of the Black Sea such
as the coast of Crimea (Sevastopol and Karadag Region)
and the coasts of Bulgaria and Romania are well studied
(Surugiu, 2011; unpublished data). However, the Turkish
coast of the Black Sea was poorly investigated in terms
of polychaetes and other zoobenthic groups as well. The
studies concerning the Turkish Black Sea polychaetes,
published by various authors, were mainly focused on the
pre-Bosphorus region (Jakubova, 1948; Marinov, 1959;
Dimitrescu, 1960, 1962; Rullier, 1963; Caspers, 1968; Gillet
and Ünsal, 2000; Uysal et al., 2002). The Anatolian Region
of the Black Sea was studied by Çinar and Gönlügür-
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Demirci (2005), Ağırbaş et al. (2008), Gözler et al. (2009),
and Dağlı (2012). All these studies dealt with hard bottom
polychaete assemblages and there is no information
concerning the structure of soft bottom polychaete
communities and their spatiotemporal distributions.
The purposes of the present study are to identify
the polychaete species distributed in the soft bottoms
around the Sinop Peninsula and to determine the spatial
and temporal variations of the polychaete community
in relation to environmental variables such as sediment
(grain size, organic matter, porosity, pH, redox potential)
and water column (salinity, dissolved oxygen, temperature,
pH, nutrient concentrations) characteristics.
2. Materials and Methods
2.1. Sampling
Benthic sampling for the present study was carried out
during the TÜBİTAK-NASU Joint Project “Comparative
studies of meiobenthic community structure off Crimea
(Ukraine) and Sinop (Turkey) with respect to the
identification of Marine Protected Areas (MPAs) in the
Turkish Black Sea” supported by TÜBİTAK (the Scientific
and Technological Research Council of Turkey) and NASU
(the National Academy of Sciences of Ukraine). Benthic
samples were taken at eight stations corresponding to
depths of 3 and 10 m using a 20 × 20 cm quadrate between
October 2009 and July 2010 seasonally (Figure 1; Table
1). At each station, three replicates were taken for benthic
community analysis. On board, soft bottom samples were
sieved through 0.5 mm mesh and the retained material

Figure 1. Map of the sampling stations.
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was placed in separate jars containing 4% seawater
formaldehyde solution.
2.2. Laboratory procedures
In the laboratory, samples were rinsed in fresh water,
sorted into taxonomic groups under a stereomicroscope,
and preserved in 70% ethanol. Afterwards, polychaetes
were identified and counted under stereo- and compound
microscopes. The material was deposited at the Department
of Biology, Faculty of Arts and Sciences, Sinop University.
Water and sediment samples were taken at each station
to determine water and sediment quality in the area and
their relationship with the abundance data of the species.
Water samples were collected using a Nansen bottle at each
station during the sampling period. Temperature, salinity,
pH, dissolved oxygen concentration (DO), conductivity,
and total dissolved solids (TDS) were recorded in the field
using a YSI 6600 V2 Water Quality Probe. Water samples
for analyzing nitrite, nitrate, phosphate, and silicate were
transferred into the bottles after prefiltration, frozen,
and then taken to the laboratory immediately. Samples
were analyzed using the Mohr–Knudsen method and a
spectrophotometer (Parsons et al., 1984).
Sediment samples (2 kg in weight) were collected from
each station using a quadrate, transferred to plastic bags,
and transferred to the laboratory for granulometric and
chemical analyses. Sediment particle size, pH, water content
(%), organic matter (%), porosity (%), and redox potential
were analyzed. Granulometric analyses were performed
according to Buchanan (1984) using Wentworth’s particle
size scale. pH was determined according to Bakan and
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Table 1. Coordinates, depth, and sediment type of the sampling stations.
Station

Coordinates

Depth (m)

Sediment type

A1

42°00′58″N
35°11′41″E

3

Black malodorous coarse sand

A2

42°00′53″N
35°11′41″E

10

Malodorous very fine sand with
shell fragments

B1

42°01′02″N
35°10′58″E

3

Malodorous coarse sand

B2

42°00′57″N
35°10′03″E

10

Very fine sand

C1

42°01′06″N
35°08′07″E

3

Fine sand

C2

42°01′03″N
35°08′14″E

10

Malodorous very fine pebbles and
coarse sand with shell fragments

D1

42°00′09″N
35°06′58″E

3

Fine sand

D2

42°00′04″N
35°07′09″E

10

Very fine pebbles and sand

Şenel (2000); water content, porosity, and organic matter
were determined according to Buchanan (1984). Redox
potential was measured in the field using a Hanna Redox
Meter.
2.3. Statistical analysis
In order to interpret the quantitative data, the Shannon–
Wiener diversity index (Hʹ) and the Pielou evenness
index (Jʹ) were applied to the abundance of the species.
The pooled abundance data of species, obtained per
sampling station in each season, were analyzed using
cluster techniques based on the Bray–Curtis similarity
using the PRIMER package (see Clarke and Warwick,
2001). The significance of the multivariate results was
assessed using the ANOSIM test. SIMPER analysis was
performed in order to identify the percentage contribution
of each species to the overall similarity within each group
that was assessed according to results of the cluster
analysis. Temporal variation in species composition and
abundance at each station was analyzed using a one-way
analysis of variance. Prior to the analysis, data were tested
for normality by the Kolmogorov–Smirnov test, whereas
homogeneity of variance was tested with the Cochran
C test. Spearman rank correlation analysis was used to
determine the correlation between the community and
environmental parameters. Canonical correlation analysis
(CCA) was performed to analyze the relationship between
the polychaete assemblages and the environmental factors.
Prior to the analysis, the raw data (number of individuals)
were transformed using log transformation [y = log(x
+ 1)]. Monte Carlo permutations were used to test the

significance of the ordination axes. All statistical analyses
were performed using PRIMER 5, STATISTICA 7.0, and
CANOCO 4.5.
3. Results
Faunistic analysis of polychaetes collected at eight stations
on the coast of the Sinop Peninsula yielded a total of
76 species belonging to 27 families, of which 23 species
[Harmothoe spinifera (Ehlers, 1864); Notophyllum foliosum
(M. Sars, 1835); Phyllodoce rosea (McIntosh, 1877);
Oxydromus pallidus (Claparède, 1864); Syllidia armata
Quatrefages, 1865; Exogone verugera (Claparède, 1868);
Paraehlersia ferrugina (Langerhans, 1881); Sphaerosyllis
pirifera Claparède, 1868; Syllis garciai (Campoy, 1982);
Composetia hircinicola (Eisig, 1870); Scolelepis foliosa
(Audouin and Milne Edwards, 1833); Aricidea (Acmira)
assimilis Tebble, 1959; Levinsenia demiri Çinar, Dagli and
Açik, 2011; Paradoneis ilvana Castelli, 1985; Poecilochaetus
fauchaldi Pilato and Cantone, 1976; Cirratulus cirratus (O.
F. Muller, 1776); Monticellina heterochaeta Laubier, 1961;
Cossura soyeri Laubier, 1963; Capitella teleta Blake, Grassle
and Eckelbarger, 2009; Pseudoleiocapitella fauveli Harmelin,
1964; Euclymene lumbricoides (Quatrefages, 1865); Terebella
lapidaria Linnaeus, 1767] were new records for the Black
Sea and 7 species [Schistomeringos rudolphii (Delle Chiaje,
1828); Glycera fallax Quatrefages, 1850; Naineris laevigata
(Grube, 1855); Aonides oxycephala (Sars, 1862); Cirrophorus
branchiatus Ehlers, 1908; Magelona minuta Eliason, 1962;
Ophelia limacina (Rathke, 1843)] were new for the Turkish
Black Sea coast (Table 2). The genus Mediomastus was
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Table 2. List of species collected during the study and their maximum densities (ind. m–2) per station (A: autumn, W: winter, Sp: spring,
S: summer).
Stations
A1
POLYNOIDAE
*Harmothoe spinifera (Ehlers, 1864)
Harmothoe imbricata (Linnaeus, 1767)
Harmothoe impar (Johnston, 1839)
PHOLOIDAE
Pholoe inornata Johnston, 1839
PHYLLODOCIDAE
Eumida sanguinea Örsted, 1843
Mysta picta (Quatrefages, 1865)
Nereiphylla rubiginosa (Saint-Joseph, 1888)
*Notophyllum foliosum (M. Sars, 1835)
*Phyllodoce rosea (McIntosh, 1877)
Phyllodoce maculata (Linnaeus, 1767)
HESIONIDAE
*Oxydromus pallidus (Claparède, 1864)
*Syllidia armata Quatrefages, 1865
PILARGIDAE
Sigambra tentaculata (Treadwell, 1941)
SYLLIDAE
Exogone dispar (Webster, 1879)
Exogone naidina Örsted, 1845
*Exogone verugera (Claparède, 1868)
*Paraehlersia ferrugina (Langerhans, 1881)
Salvatoria clavata (Claparède, 1863)
*Sphaerosyllis pirifera Claparède, 1868
Sphaerosyllis hystrix Claparède, 1863
Sphaerosyllis thomasi San Martín, 1984
Syllides fulvus (Marion & Bobretzky, 1875)
Syllis gracilis Grube, 1840
*Syllis garciai (Campoy, 1982)
Syllis gerlachi Hartmann-Schröder, 1960
NEREIDIDAE
Alitta succinea (Frey & Leuckart, 1847)
Composetia costae (Grube, 1840)
*Composetia hircinicola (Eisig, 1870)
Nereis rava Ehlers, 1864
Perinereis cultrifera (Grube, 1840)
Platynereis dumerilii (Audouin & Milne Edwards, 1833)
GLYCERIDAE
Glycera alba (O.F. Müller, 1776)
**Glycera fallax Quatrefages, 1850
NEPHTYIDAE
Micronephthys stammeri (Augener, 1932)
Nephtys caeca (Fabricius, 1780)
Nephtys hombergii Savigny, 1818
EUNICIDAE
Eunice vittata (Delle Chiaje, 1829)
DORVILLEIDAE
Protodorvillea kefersteini (McIntosh, 1869)
**Schistomeringos rudolphii (Delle Chiaje, 1828)
ORBINIIDAE
**Naineris laevigata (Grube, 1855)
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A2

B1

B2

C1

50/Sp

300/Sp

175/W

25/Sp

25/A
50/W
25/Sp
25/Sp

D1

75/A
50/A
100/S

50/W
625/Sp

C2

50/Sp

750/Sp

25/Sp

25/Sp
25/S

25/S

25/Sp

D2

25/W
25/Sp

25/Sp
25/S
25/Sp

25/S

100/S
25/W

25/Sp

1000/S

25/Sp
75/Sp
25/Sp

75/W
75/Sp
25/S

675/Sp
25/S

75/Sp
50/Sp
75/S
75/W
25/S

25/W
75/A

50/Sp
75/Sp

75/Sp
50/W
75/Sp

150/Sp

25/Sp
50/Sp

50/Sp
50/Sp

125/Sp

275/Sp
700/W

75/S

675/Sp

925/S

50/Sp
350/W
250/Sp

75/S

25/Sp
25/Sp
50/W
675/Sp
150/Sp
50/Sp
25/Sp
75/Sp

25/S

50/S

25/S
100/S
150/S
25/S
25/S

75/S
275/A

150/W

125/S

50/A
25/Sp
100/W

25/Sp
25/A
25/W
200/S

50/W
25/S

100/Sp
50/S

50/A
75/S

175/A

25/S

150/S

1025/A

6275/W

1300/W

4350/W
25/Sp

300/Sp

3300/Sp

1750/S
450/W

10425/S

275/S

900/S
400/S

25/A
50/A

25/A
25/Sp

25/A

25/S
25/Sp
100/Sp

3125/W

5075/Sp
800/Sp

2700/W

650/W
325/S

8675/Sp

3175/Sp
875/S

50/W
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Table 2. Continued.

SPIONIDAE
**Aonides oxycephala (Sars, 1862)
Aonides paucibranchiata Southern, 1914
Prionospio (Minuspio) cirrifera Wirén, 1883
Prionospio maciolekae Dagli & Çinar, 2011
Prionospio (Minuspio) pulchra Imajima, 1990
Prionospio steenstrupi Malmgren, 1867
*Scolelepis foliosa (Audouin & Milne Edwards, 1833)
Spio decoratus Bobretzky, 1870
PARAONIDAE
*Aricidea (Acmira) assimilis Tebble, 1959
Aricidea (Acmira) catherinae Laubier, 1967
Aricidea (Acmira) cerrutii Laubier, 1967
Aricidea (Aricidea) pseudoarticulata Hobson, 1972
**Cirrophorus branchiatus Ehlers, 1908
*Levinsenia demiri Çinar, Dagli & Açik, 2011
*Paradoneis ilvana Castelli, 1985
MAGELONIDAE
**Magelona minuta Eliason, 1962
Magelona rosea Moore, 1907
POECILOCHAETIDAE
*Poecilochaetus fauchaldi Pilato & Cantone, 1976
CIRRATULIDAE
*Cirratulus cirratus (O.F. Muller, 1776)
*Monticellina heterochaeta Laubier, 1961
OPHELIIDAE
**Ophelia limacina (Rathke, 1843)
COSSURIDAE
*Cossura soyeri Laubier, 1963
CAPITELLIDAE
*Capitella teleta Blake, Grassle, Eckelbarger, 2009
Heteromastus filiformis (Claparède, 1864)
*Mediomastus sp.
Notomastus latericeus Sars, 1851
*Pseudoleiocapitella fauveli Harmelin, 1964
MALDANIDAE
*Euclymene lumbricoides (Quatrefages, 1865)
Leiochone leiopygos (Grube, 1860)
PECTINARIIDAE
Lagis koreni Malmgren, 1866
AMPHARETIDAE
Melinna palmata Grube, 1870
TEREBELLIDAE
*Terebella lapidaria Linnaeus, 1767
TRICHOBRANCHIDAE
Terebellides stroemii Sars, 1835
SABELLIDAE
Paradialychone filicaudata (Southern, 1914)
SERPULIDAE
Spirobranchus triqueter (Linnaeus, 1767)
Janua pagenstecheri (Quatrefages, 1865)

Stations
A1

A2

B1

B2

C1

C2

D1

D2

25/W

100/Sp

100/A
75/A

25/Sp

200/W

175/A
25/Sp

1875/Sp
75/W
275/S

25/A
25/W
3975/Sp
125/W
150/Sp

25/Sp

550/S
75/S
225/S

1825/S

150/S

175/A

1200/S

100/S

175/S

25/Sp

1575/W

150/S

250/W
1275/A
400/W

25/Sp

1400/W
650/W

200/S
575/S
1050/Sp
450/S
125/A

25/Sp

175/S

150/S

125/Sp
50/S

200/W

675/Sp

150/A

100/W
50/Sp
425/Sp
300/S
125/A

50/A

125/W

75/Sp

1050/Sp

400/S

75/W
150/S

25/S

275/S

25/S

100/S
25/S

250/Sp
1050/S
425/W

275/S

25/A

75/S

25/S

25/S

25/S
25/W
50/Sp

225/Sp
25/Sp

25/W
950/Sp

25/S

300/Sp

50/S
25/S

25/Sp

50/S
1425/Sp

50/Sp
25/Sp

225/A
25/Sp

25/A

25/A

25/A

150/A

25/W
25/Sp
25/W

50/Sp

25/W

125/Sp
100/A
75/Sp

150/W
100/A

25/W

*New records for the Black Sea.
**New records for the Turkish coast of the Black Sea.
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Protodorvillea kefersteini (32.2%) followed by Prionospio
maciolekae (6.5%), Heteromastus filiformis (4.9%), and
Spio decoratus (4.4%) based on the evaluation of all the
samples. The dominant species varied among seasons.
Micronephthys stammeri (spring: 32.65%, summer:
42.87%; autumn: 22.60%; winter: 29.34%) and P. kefersteini
(spring: 31.72%, summer: 11.17%; autumn: 40.79%;
winter: 44.96%) were also the most frequent species in
each season (Table 3).
The dendrogram of the stations obtained from cluster
analysis indicated the presence of two main groups (30%
similarity) (Figure 2). The main factor was depth, which
resulted in the appearance of two groups of stations.
The first group was composed of the stations located at
3 m depth, and the second group at 10 m. One station
(FD1) was completely separated from these two groups.

also recorded for the first time in the Black Sea; however,
the specimens were only identified to the genus level. The
material examined revealed the occurrence of an alien
species, Prionospio pulchra Imajima, 1990, which could
have been introduced to the Mediterranean Sea from the
Pacific Ocean or Atlantic Ocean via ballast waters of ships
(Çinar et al., 2011).
Among the 27 families, Syllidae was the most
representative family with 12 species, followed by
Spionidae (8 species) and Paraonidae (7 species). The
families represented only by one species were Pholoidae,
Pilargidae, Eunicidae, Orbiniidae, Poecilochaetidae,
Ophelidae, Cossuridae, Pectinariidae, Ampharetidae,
Terebellidae, Trichobranchidae, and Sabellidae (Table 2).
The most dominant species in the area were Micronephthys
stammeri (33.1% of total number of individuals) and

Table 3. The percentage total abundance of dominant species among seasons
(Sp: spring, S: summer, A: autumn, W: winter).

M. stammeri

Sp

S

A

W

32.65

42.87

22.60

29.34

P. kefersteini

31.72

11.17

40.79

44.96

S. rudolphii

1.99

3.54

-

0.02

S. decoratus

1.87

10.82

5.57

2.35

P. maciolekae

10.61

2.89

5.73

4.89

-

0.20

A. pseudoarticulata

-

3.98

P. ilvana

2.06

3.27

0.80

L. demiri

-

-

6.27

-

H. filiformis

6.49

4.73

1.16

3.30

Figure 2. Dendrogram of the sampling stations (A: autumn, W: winter, Sp: spring, S: summer).
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The ANOSIM test confirmed that the main groups were
significantly different (global R = 0.659, P < 0.05). Average
similarity/dissimilarity values and species contributions to
the similarity/dissimilarity were determined by SIMPER
analysis (Table 4). Group A showed an average similarity
of 38.1% and group B 34.3%. The first group was mainly
represented by Protodorvillea kefersteini, Micronephthys
stammeri, Spio decoratus, and Paradoneis ilvana, whereas
the second was represented by Protodorvillea kefersteini,
M. stammeri, Heteromastus filiformis, and Prionospio
maciolekae.

Temporal variations in the mean number of species,
the mean number of individuals, the mean diversity index
value, and the mean evenness index value are given in
Figure 3. Statistically significant differences were found
among seasons in terms of the mean number of individuals,
the mean number of species, the mean diversity, and the
mean evenness index values (P < 0.05). The number of
species (/400 cm2) ranged from 1 (D1 and D2, autumn) to
21 (C2, spring) and the number of individuals (/m2) from
25 (D1, autumn) to 16,700 (C1, winter). The mean number
of species was high in spring, excluding stations D1 and

Table 4. Species percentage contribution to similarity/dissimilarity according to SIMPER analysis and their
average index values.
Similarity

A1

Dissimilarity

A

B

A-B

A-FD1

B-FD1

Average similarity/dissimilarity

38.1

34.3

81.2

94.3

96.1

S. tentaculata

-

5.94

3.56

-

5.21

N. caeca

-

-

-

3.12

-

M. stammeri

17.05

58.00

29.29

13.54

44.29

P. kefersteini

49.13

14.26

25.83

44.16

13.88

S. decoratus

21.62

-

6.68

15.61

-

P. ilvana

7.64

-

2.91

7.13

-

H. filiformis

-

6.92

5.02

-

6.37

P. maciolekae

-

4.97

6.18

-

7.86

A2

B1

B2

C1

C2

D1

D2

A1

A2

B1

B2

C1

C2

D1

D2

Figure 3. Temporal variations in the mean number of species, mean number of individuals, diversity, and evenness index values ±
standard error (A: autumn, W: winter, Sp: spring, S: summer; *: statistically significant (P < 0.05), ns: not significant).
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D2, and low at all the stations in autumn (Figure 3). The
seasonal variations in the mean number of individuals were
statistically significant at all the sampling stations (P < 0.05).
The maximum mean density was recorded at station C1 in
winter (13,950 ind. m–2), when Protodorvillea kefersteini
formed a very dense population (max. density 15,125 ind.
m–2), followed by station D2 in summer (13,216.67 ind.
m–2), when Micronephthys stammeri was represented by
a high density (max. density 10,425 ind. m–2). The mean
diversity value (Hʹ) ranged from 0.3 (D1, autumn) to 3.05
(C2, autumn) and the mean evenness index value (Jʹ) from
0.2 (C1, winter) to 0.88 (A2, summer). The highest diversity
index value was generally calculated in summer, excluding
sampling station D2. The temporal fluctuations in the mean
diversity index values were statistically significant at all
the stations other than B1 and C1, whereas the temporal
fluctuations in the mean evenness index values were
statistically significant except for D1 (Figure 3).
The Spearman rank correlation analysis between the
community parameters and the environmental variables
established that the number of species was strongly
correlated with the percentage of coarse sand (ρr = 0.60),

depth (ρr = 0.42), and the percentage of very fine pebbles
(ρr = 0.38) and negatively with the percentage of fine
sand (ρr = –0.45) (P < 0.05). The main factors that had
a negative effect on the number of species, the diversity,
and the evenness index values were salinity (ρr = –0.53,
ρr = –0.64, ρr = –0.49, respectively), conductivity (ρr
= –0.46, ρr = –0.62, ρr = –0.47, respectively), and the
concentration of TDS (ρr = –0.47, ρr = –0.62, ρr = –0.47,
respectively) (Table 5). The percentage of fine sand was
also negatively correlated with the number of species (ρr =
–0.45) and the diversity index value (ρr = –0.35), whereas
the concentration of dissolved oxygen was negatively
correlated with the number of species (ρr = –0.40) and the
number of individuals (ρr = –0.39). The concentrations
of nitrite and nitrate were positively correlated with the
number of individuals (P < 0.05) (Table 5). A significant
positive correlation was found between the percentage of
organic matter and the diversity and the evenness index
values (ρr = 0.45, ρr = 0.35, respectively).
CCA was carried out to determine which environmental
factors influenced the temporal and spatial distribution of
the polychaete species (Table 6). The ordination diagram of

Table 5. Spearman rank correlation coefficients between community parameters and
environmental variables. Bold numbers are statistically significant (P < 0.05).

Depth
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S

N

Hʹ

Jʹ

0.42

0.31

0.35

0.18

Temperature

0.08

–0.33

0.30

0.33

Salinity

–0.53

–0.12

–0.64

–0.49

Conductivity

–0.46

0.01

–0.62

–0.47

Total dissolved solids

–0.47

0.01

–0.62

–0.47

Dissolved oxygen

–0.40

–0.39

–0.13

0.08

pH (water)

0.25

0.01

0.19

0.12

pH (sediment)

0.35

–0.07

0.36

0.25

Water content

–0.24

0.09

–0.36

–0.30

Organic matter

0.27

0.02

0.45

0.35

Redox potential

–0.17

0.11

–0.05

0.05

Porosity

–0.29

–0.40

–0.16

0.04

Nitrite

0.35

0.40

0.16

–0.09

Nitrate

0.34

–0.22

0.37

0.27

Phosphorus

0.05

–0.20

0.14

0.07

Silicate

0.29

–0.03

0.27

0.25

Very fine pebbles

0.38

0.34

0.29

0.14

Coarse sand

0.60

0.40

0.45

0.13

Medium sand

0.19

0.06

0.09

0.00

Fine sand

–0.45

–0.33

–0.35

–0.19

Very fine sand

0.10

0.13

0.20

0.17

Very coarse silt

–0.15

0.15

–0.25

–0.24
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CCA is shown in Figure 4. The Monte Carlo test indicated
that all canonical axes were statistically significant (F =
1.44, P = 0.003). CCA axes 1 and 2 explained 19.4% and
30.5% of the species variation and 26.9% and 43.7% of
the species-environment variation, respectively. All four
CCA axes showed high values of species-environment
correlation (r = 0.993, 0.921, 0.945, and 0.895 for axes 1
to 4). According to CCA, there was a slight correlation
between physicochemical variables and polychaete
communities (Table 6); however, the community
structure was strongly correlated with depth (r = –0.910)
and sediment texture and structure (medium sand, r =
0.861; fine sand, r = 0.547; very fine pebbles, r = –0.677;
coarse sand r = –0.473; percentage of porosity, r = 0.520;
percentage of water content, r = 0.498). The percentages of
fine sand and medium sand, water content, and porosity of

sediment showed strong and positive correlation with axis
I. This axis also showed very strong negative correlation
with depth and moderate correlation with percentage of
very fine pebbles. Axis II was correlated positively with
temperature and redox potential and negatively with the
percentage of coarse sand (Figure 4; Table 6).
The main factors affecting the polychaete assemblages
were found to be water depth and sediment texture. As
a result, two different communities were distinguished,
one in shallower waters with a sediment structure of finemedium sand and the second in deeper waters with coarse
sand and fine pebble structure (Figure 4). Heteromastus
filiformis, Sigambra tentaculata, and Prionospio maciolekae
characterized the polychaete assemblages of deeper
stations, and Protodorvillea kefersteini formed a dense
population at the shallower stations.

Table 6. Results of the canonical correspondence analysis. Bold numbers are statistically
significant (P < 0.05).
Environmental variables

Axis 1

Axis 2

Depth

–0.910

–0.244

Temperature

–0.127

0.377

Salinity

0.198

–0.030

Conductivity

0.195

–0.026

Total dissolved solids

0.195

–0.027

Dissolved oxygen

0.136

0.143

pH (sediment)

–0.094

–0.081

Water content %

0.498

–0.179

Organic matter %

–0.418

0.089

Redox potential

0.028

0.310

Porosity %

0.520

0.190

Nitrite

–0.176

–0.197

Nitrate

0.099

–0.274

Phosphorus

–0.292

0.142

Silicate

0.019

–0.015

Very fine pebbles

–0.677

–0.267

Coarse sand

–0.335

–0.473

Medium sand

0.861

0.108

Fine sand

0.547

0.096

Very fine sand

–0.395

0.289

Very coarse silt

–0.267

–0.040

Eigenvalues

0.577

0.340

Species-environment correlations

0.993

0.921

Cumulative percentage variance of species data

19.4

30.5

Cumulative percentage variance of speciesenvironment relation

26.9

43.7
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Figure 4. Biplot of CCA performed on the total abundance of species and environmental
variables recorded in the study area (DO: dissolved oxygen, OM: organic matter, TDS:
total dissolved solids, WC: water content, Si: silicate, VFP: very fine pebbles, CS: coarse
sand, MS: medium sand, FS: fine sand, VFS: very fine sand, VCS: very coarse silt).

4. Discussion
The present study provides the first detailed data on the
soft bottom polychaetes distributed along the Turkish coast
of the Black Sea supported with an ecological approach.
The soft bottom polychaete communities of the Turkish
Black Sea are not well known. The Aegean and Levantine
coasts of Turkey are well studied in terms of polychaete
assemblages and also other zoobenthic communities
compared to the Black Sea coast (Ergen et al., 2002; Çinar
et al., 2006, 2008, 2012a, 2012b; unpublished data). Çinar
and Gönlügür-Demirci (2005) obtained the first data
on the polychaete biodiversity of the Sinop Peninsula
and reported 55 polychaete species from various hard
substrata, such as Ulva rigida, Cystoseira barbata, and
Mytilus galloprovincialis at 0–5 m depths. Ağırbaş et al.
(2008) recorded 8 species on Ulva sp. from the Turkish
Eastern Black Sea coast. Gözler et al. (2009) examined
Nereididae species of C. barbata and Mytilaster lineatus
facies located along the Eastern Black Sea coast of Turkey
and identified 6 species. Sezgin et al. (2010) investigated
the zoobenthic diversity of the Anatolian coast of the Black
Sea and reported 130 species, of which 50 were polychaetes
(38.5% of the total number of species and 49.3% of the
total number of individuals).
Polychaete communities distributed along the coasts
of the other Black Sea countries are better known than
those of the Turkish Black Sea coast. Accordingly, Marinov
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(1977) identified 76 soft bottom species on the Bulgarian
Black Sea coast; Kiseleva (1981) reported 55 species from
the soft bottom of the Black Sea; Revkov et al. (2002)
encountered 41 polychaete species at 22–142 m depths of
the Crimean coastal zone; Gomoiu et al. (2004) reported
30 species at 14–107 m depths on the coast of Romania;
Losovskaya (2005) recorded 33 species on shells, 23 species
on silted sand, and 18 species on sand with shell fragments
in the shallow waters of Karkinitskiy Bay and the Odessa
region; Surugiu (2005) reported 24 species on rocky and
sandy bottoms along the Romanian coast; and Paraschiv
et al. (2007) found 12 psammic polychaete species at 0.5–2
m in the Vama Veche region of Romania.
The most dominant species were found to be
Micronephthys stammeri and Protodorvillea kefersteini,
followed by Prionospio maciolekae, Heteromastus filiformis,
and Spio decoratus in the present study. Micronephthys
stammeri and P. kefersteini were also the most frequent
species in each season. Dumitrescu (1963) and Marinov
(1977) indicated that M. stammeri was the typical
component of sandy bottoms of the Black Sea. Marinov
(1977) also pointed out that the most characteristic species
for coarse sand communities at 6–28 m was P. kefersteini
(81% frequency value; 556 ind. m–2) along the Bulgarian
coast. Băcescu et al. (1971) reported that S. decoratus was
the most frequent (73%) and abundant (86,300 ind. m–2)
species (Surugiu, 2011). Our results in the present study are
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compatible with their findings. Nevertheless, it is necessary
to specify that P. kefersteini is the most dominant species at
the stations located at 3 m depth in Sinop. Apart from the
dominant species, Alitta succinea, Schistomeringos rudolphii,
Capitella teleta, H. filiformis, Spio decoratus, and Prionospio
pulchra, which were recorded in the research area, were
also previously reported as the first opportunistic indicator
species of organic polluted ecosystems (Ergen et al., 2006;
Çinar et al., 2015). Çinar et al. (2015) developed a special
benthic index for the Turkish seas (TUBI, TUrkish Benthic
Index) and presented a species list with their ecological
groups (GI: Sensitive; GII: Tolerant; GIII: Opportunistic).
According to the list of TUBI, 31 sensitive species (GI), 19
tolerant species (GII), and 9 opportunistic species (GIII) are
found in the study area. The dominant species of the area,
M. stammeri and Protodorvillea kefersteini, are classified
as species tolerant to organic pollution (GII). Since a
large number of sensitive species (phyllodocids, syllids,
maldanids, etc.) were identified in the area, we could not
directly correlate the presence of the opportunistic species
with organic disturbance. Monitoring studies should be
planned to determine the level of pollution in the area, and
the TUBI scores obtained should be compared with the
physicochemical variables of sediment and water.
Published studies on the Black Sea polychaetes are
generally faunistic rather than providing information
on their ecological features. No data are available on the
relationship between the environmental variables and the
polychaete communities in the Black Sea to compare to
the results of the present study. Since the Black Sea has
a brackish water characteristic with an average salinity
value of 18‰, indicator roles of marine organisms may
not be the same as in euhaline waters such as the Aegean
Sea or the Mediterranean Sea (average salinity of 35‰
and 37‰, respectively). Therefore, comparing the results
of this work with studies done in other seas may not be
illustrative. However, Ergen et al. (2006) examined soft
bottom polychaetes in İzmir Bay (Aegean Sea) and found

that pollution, sediment structures, and water depth were
the main factors affecting their distribution. Çinar et al.
(2012b) observed that increasing sand percentage in
sediment significantly increased the number of species
whereas the clay percentage in sediment negatively affected
the community parameters in Mersin Bay (Mediterranean
Sea). In parallel, we found a positive high correlation
between the species number and the percentages of coarse
sand. Additionally, the number of individuals and the
diversity index values were positively correlated with the
coarse sand percentage. According to the results of CCA,
the community structure showed a positive correlation
with the medium sand, fine sand, percentage of porosity,
and percentage of water content and a negative correlation
with very fine pebbles and coarse sand.
The present paper provides the first detailed
information on the soft bottom polychaete assemblages
and environmental factors affecting the community of the
Sinop Peninsula and presents 23 new records for the Black
Sea and 7 new records for the Turkish coast of the Black
Sea. Consequently, the number of polychaete species of
the Black Sea is increased to 261 and that of the Turkish
coast of the Black Sea to 166. The Polychaeta community
structure of the Turkish Black Sea coast is still unknown,
and large-scale studies with an ecological approach should
be done to understand the diversity of Polychaeta in the
Black Sea.
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